1. Introduction
===============

CTS (carpal tunnel syndrome) is the most common mononeuropathy. It affects 2.7% to 5.8% of the general population, being found in 80% of cases in people over 40 years old.^\[[@R1]--[@R3]\]^ Some authors estimated its prevalence in the population as being 9% in women and 0.6% in men with a female/male ratio ranging from 3:1 to 10:1.^\[[@R4],[@R5]\]^ The prevalence of CTS is highest in obese women and lowest in asthenic or normostenic men.^\[[@R6]--[@R9]\]^ Despite the multitude of carried out studies, consensus has not been reached on the diagnostic criteria for CTS, which is currently based on an analysis of patient history, physical examination and results of electrophysiology study (sensory and motor nerve conduction study). Regarding the usefulness and accuracy of tests used in the diagnosis of CTS, many authors believe that the electrophysiology tests are the "gold-standard", having sensitivity of 56% to 85% and a specificity of 94%.^\[[@R10]\]^ However, this kind of tests are not easily accepted by the patient, require special conditions and equipment, take long, and have a false-positive rate of 16% to 20% and false-negative rate of 16% to 34%.^\[[@R10]\]^ There is no correlation between neuropathic pain and electrodiagnosis (EDX) severity in CTS.^\[[@R11]\]^ Based on detailed history and thorough physical examination, establishing and confirming the diagnosis of CTS with the help of EDX studies has a sensitivity of up to 95%, whereas in case of poor or absent clinical features ultrasonography (USG) has a 100% usefulness in excluding median nerve (MN) disorder.^\[[@R12]\]^ All these reasons made many authors recommend USG as the first step in making a diagnosis of CTS, also having a multitude of other advantages: easy, non-invasive, rapid, low-cost technique, benefiting all patient categories (even those difficult to move) as the ultrasound can be portable.^\[[@R13]\]^ The great advantage of USG use in CTS diagnosis is that it can provide information on possible causes of the disease and relevant anatomical information on the content of the carpal tunnel.^\[[@R13],[@R14]\]^ USG becomes one of the most recognized and valuable laboratory examinations in the non-invasive diagnosis of CTS.^\[[@R15]\]^ This study aimed to develop adiagnostic imaging algorithm consistent with the clinical diagnosis in case of suspected CTS and to establish a classification of the median nerve compression in the carpal tunnel taking into account the sonographic index of median nerve in carpal tunnel (SIMNCT) developed by us.

2. Material and methods
=======================

The study group included 344 patients with traumatic and non-traumatic CTS, unilateral, bilateral or associated with Guyons canal syndrome. Each patient signed the informed consent for inclusion in the study according to the rules established by the Ethics Committee of the Public Medical-Sanitary Institute Clinical Hospital of Traumatology and Orthopedics, Chişinău. In all cases the clinical features were similar to those described in the literature: pain and paraesthesia more intense during mornings, sensory symptoms in the median nerve territory, decreased muscle strength. Provocative tests (Tinel, Phalen, Durkan) as well as those to discriminate tactile, painful and thermal sensitivity were used. The two-point tactile sensitivity discrimination test (2PD) and Simmens-Weinstein (SW) monofilament tests were also used. The color and humidity of hand and finger skin were evaluated, as well as the presence or absence of hand muscle atrophy. History taking included the detection of professional factors, activity characterized by frequent repetitive movements and traumatic antecedents. Clinical diagnosis was complemented by imaging investigations of the simple x-ray type (front and side) with value in determining osteoarticular lesions in the wrist and hand. Ultrasonography was performed with an Aloka SSD-1400 3.5 mHz and 7.5 mHz ultrasound device in 2 planes: longitudinal and transverse (Figs. [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}). This investigation was performed preoperatively. The following were examined: vertical thickness of the median nerve at the carpal tunnel inlet - G1, minimum MN vertical thickness in the carpal tunnel (CT) or distal outlet - G2, transverse MN thickness at CT inlet -- L. Normal values were considered those recorded in the healthy hand. The sonographic index of the median nerve in the carpal tunnel (SIMNCT) was determined, representing the percent difference between G2 and G1, with the pisiform bone being used as the point of reference.
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We have proposed and used the following formula: SIMNCT = 100% (1-G2/G1). USG in CTS diagnosis is based on the use of the basic criteria: Buchberger (1992) criterion - the cross-sectional area (CSA) of the median nerve measured at CT inlet (at the pisiform bone) by tracing a continuous line around the inner hyperechoic rim of the MN and determining the maximum width (L) and G1, based on the ellipsoid surface area formula (FE = π×a × b/4), CSA = G1 × L × 3,14/4 (normal 7.0--10.0 mm^2^, mild swelling 10.0--13.0 mm^2^, moderate swelling 3.0--15.0 mm^2^, severe swelling \> 15.0 mm^2^). We have also used the flattening ratio (FR) criterion, defined as the ratio between L and G1: FR = L/G1, levels above 3.3 being considered pathological. Based on the determined values, we calculated the ratio of flattening (FR), cross-sectional area (CSA) and SIMNCT. Differences were considered to be statistically significant at *P* \< .05 bilaterally. To estimate the significant differences in the averages of the 2 groups, we used the t-Student criteria. The dynamic of group parameters was evaluated with criteria t of coherent selections. Data tables of contingency were analyzed by variational statistics method (χ^2^). The effectiveness of the methods was found by calculating the sensitivity and the specificity based on contingency Tables 2 × 2. We considered the differences statistically significant when the bilateral value *P* \< .05.

3. Results
==========

Of the 344 patients, 162 (47.09%) were rural and 182 (52.90%) urban patients. The mean age of the study group was 55.54 ± 11.96 years, with peak incidence rates between 44 and 70 years. CTS was predominantly diagnosed in women aged 44 to 79 years. It was found that rural-urban disparity in disease prevalence was insignificant (1:1.2), and in unilateral CTS the right hand was more frequently involved (1.71:1). 185 patients (56.68%) had CTS in the right hand, 108 (31.39%) in the left hand, and in 51 (14.82%) both hands were affected. In 186 patients (54.06%) the cause of trauma, and CST of non-traumatic cause was diagnosed in 158 patients (45.93%).

The results of USG investigation in patients with non-traumatic CTS revealed the following mean values: G1 = 3.04 ± 0.62 mm and L = 6.22 ± 1.72 mm in cases with unilateral CTS, and G1 = 3.04 ± 0.62 mm (in the other hand 2.98 ± 0.56 mm) and L = 6.20 ± 1.48 mm (in the other hand 5.92 ± 1.05 mm) in bilateral CTS cases. No statistically significant difference (*P* \> .05) related to the affected side was found, but there was an authentic difference between G1 and G2 (*P* \< .0001).

Based on the obtained values, the following mean values were calculated: flattening ratio (FR) = 2.08 ± 0.59, CSA = 15.19 ± 6.28 mm^2^ and SIMNCT = 51.76 ± 24.16%.

Depending on the stage of tunnel neuropathy: FR - from 1.36 ± 0.56 in stage I to 2.27 ± 0.66 in stage IV, CSA - from 11.69 ± 6.28 mm^2^ in the stage I to 17.66 ± 8.32 mm^2^in stage IV, SIMNCT from 50.36 ± 28.41% in stage I to 56.70 ± 20.27% in stage IV. Analysis of indicators according to the affected side revealed a statistically significant difference between left and right hand (*P* = .00258) only in CSA measurement. Therefore, in patients with non-traumatic CTS, CSA, and SIMNCT were higher than normal in all disease stages, and RA was 4 times higher than normal.

In the diagnosis of CTS of traumatic etiology, USG is of special value. The investigation can reveal the morphology of the carpal tunnel and damaged nerve - differentiation of nerve fibers, clepsydra-shaped compression in the carpal tunnel ischemic area. The results in the affected hand were compared with the results in the healthy hand. The following mean values were determined: G1 = 2.93 ± 0.54 mm, L = 6.02 ± 1.42 mm, G2 at CT level = 1.46 ± 0.62 mm and G2 distal to CT = 1.52 ± 0.69 mm in unilateral disease cases; G1 = 3.04 ± 0.62 mm (in the other hand - 2.98 ± 0.56 mm), L = 6.20 ± 1.48 mm (in the other hand 5. 92 ± 1.05 mm), G2 at CT level -- 1.58 ± 0.93 mm (in the other hand 1.91 ± 0.37 mm) and G2 at CT outlet -- 1.23 ± 1.02 mm in bilateral CTS.

There were no statistically significant differences (*P* \> .05) in L, G1 and G2 parameters in unilateral CTS and depending on the affected side. However, statistically significant differences were found between parameters G1 and G2 (*P* \< .0001). The indices showed no tendency to increase or decrease depending on the stage of tunnel neuropathy in CTS of post-traumatic etiology.

The following mean values were obtained: FR = 2.10 ± 0.55, CSA = 14.06 ± 5.11 mm^2^, and SIMNCT = 54.4 ± 24.36%. No significant differences were found in these indicators depending on the affected side. Thus, mean CSA and SIMNCT levels were statistically significantly higher in all stages of posttraumatic CTS compared to normal values. RA was higher than normal in only 1 case.

The morphometric parameters determined following ultrasound examination performed in patients who associated CTS and Guyons canal syndrome had the following mean values: L = 5.37 ± 0.61 mm, G1 = 2.77 ± 0. 25 mm, G2 at CT level -2.40 ± 1.41 mm and G2 at CT outlet - 1.97 ± 1.25 mm. A statistically significant difference was found between G1 and G2 (*P* = .0004).

The indices showed no tendency to increase or decrease depending on the stage of tunnel neuropathy in patients with posttraumatic CTS: FR = 1.92 ± 0.54, CSA = 12.85 ± 4.81 mm^2^, and SIMNCT = 48.81 ± 10.21%.

For statistical processing we used a set of operations performed by specific procedures and working techniques:^\[[@R4]\]^ systematization of the material by means of centralization and statistical data grouping procedures, according to parameters and levels, obtaining the values of primary indicators and statistical data series. Calculation of sensitivity and specificity based on 2 × 2 contingency table, sensitivity representing the ability of a test to detect the positive subjects in a population, and specificity the ability of a test to detect the negative values in a population.

The normal range of SIMNCT in the healthy hand was established, 7.86 ± 3.98%, with a maximum value of 16%. The analysis of sensitivity for the diagnosis of CTS revealed that SIMNCT developed by us with a value greater than 16% has a higher sensitivity (94.81%) and a higher specificity (99.66%) for the diagnosis of CTS, compared to the suspected FR values \>3.3 (sensitivity 4.49% and specified 97.95%) and CSA \> 8.5 mm^2^ (sensitivity 88.76% and specificity 32.08%) proposed in the literature (Table [1](#T1){ref-type="table"}).

###### 

Clinical symptoms, sensitivity (Se) and specificity (Sp) of morphometric indicators (FR, CSA, SIMNCT) for CTS diagnosis.
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4. Location for table
=====================

SIMNCT is a more accurate and more practical indicator for the diagnosis of CTS with a sensitivity of 94.81% and a specificity of 99.66%. In view of the above mentioned, we propose the following classification of SIMNCT into 5 grades in order to improve the accuracy of the diagnosis of CTS: Normal - ≤16%, Mild \> 16% to 19%, Moderate ≤19% to ≤28% Severe \> 28% to ≤50%, Very Severe - \> 50%.

5. Discussions
==============

CTS occurs in 1% of the world population and is ranked 6 in the occupational disease registry.^\[[@R16]\]^ Predominantly affected are women aged 45 to 64 years at a rate of 3:1 to 10:1. CTS is the most common chronic entrapment neuropathy, accounting for approximately 90% of all tunnel neuropathies, and is characterized by paresthesia and pain in the hand and fingers, which usually worsen during nighttime rest.^\[[@R17],[@R18]\]^ The symptoms, predominantly nocturnal, are present in 50% to 70% of CTS patients.^\[[@R2]\]^ Entrapment neuropathy is the most frequent and complex problem in the surgery of hand conditions untreated in due time, which can result in sensory and motor changes difficult to recover.^\[[@R17],[@R18]\]^ So far, there are no universally accepted clinical, laboratory and imaging criteria for the diagnosis of CTS. Clinical symptoms are of great importance in making a diagnosis of CST.

For a more accurate diagnosis of CTS, electrophysiological tests (nerve conduction study) can be used to quantify and stratify disease severity. At the same time, the discrepancy between EDX results and disease severity based on clinical findings is specified, but the important role of EDX in the early diagnosis of CTS is recognized.^\[[@R19]--[@R22]\]^

USG, which reveals the increase in size of the median nerve, is used to confirm the diagnosis in patients with CST. The use of USG to investigate and diagnose musculoskeletal conditions has increased rapidly over the last decades, but these investigations were not commonly used to assess a possible CST. Due to recent advances in improving the resolution of ultrasound imaging, it is now possible to obtain high quality images of peripheral nerves and fascia. USG can also identify changes in the flexor retinaculum, perineural, and intraneural vascularization of the median nerve in idiopathic CTS.^\[[@R17],[@R23]\]^ Multiple studies of CTS patients have confirmed the possibility of USG use in the diagnosis of this condition. Many authors consider that USG is an alternative method to sensory and motor nerve conduction study for the primary assessment of CTS in current medical practice.

Ultrasound measurement of MN CSA at the carpal tunnel inlet, which is significantly increased in CTS patients compared to controls, is useful in diagnosing and classifying CTS. Furthermore, compared to sensory and motor nerve conduction study and EMG, USG has numerous advantages: availability, lower costs, non-invasiveness, and shorter examination time.^\[[@R17],[@R23]\]^ In the diagnosis of CTS, ultrasound is comparable to the EDX study, and some authors consider and suggest the use of USG as the initial test of choice in patients suspected of CTS.^\[[@R24]\]^ Several studies have confirmed the safety and good tolerance of USG, the effectiveness and accuracy of this investigation, particularly the high resolution USG imaging, in CTS diagnosis.^\[[@R25]--[@R27]\]^ Many authors have demonstrated that increased CSA at the carpal tunnel inlet, where measurements are much easier to perform, yields the highest sensitivity and specificity for CTS diagnosis. In general, MN CSA thresholds, measured proximal to tunnel inlet for diagnosing a CTS, reported in multiple studies range from 6.5 mm^2^ to 15 mm^2^, sensitivity ranges from 57% to 98% and specificity from 63% to 100%.

However, there is no consensus on the optimal value of USG parameters for CTS diagnosis.^\[[@R23],[@R28]\]^ According to the results of various studies, MN CSA at carpal tunnel inlet \>9.15 mm^2^ (measured at the level of pisiform bone) has the highest diagnostic accuracy with a sensitivity of 99.2% and a specificity of 88.3% and a CSA value \>12 mm^2^is associated with a probability of having CTS of 97.9%.^\[[@R23],[@R29]\]^ For the diagnosis of CTS, MN CSA \> 11 mm^2^at the distal carpal plica in symptomatic patients has a sensitivity of 91% and a specificity of 84%, and MN CSA \> 9.875 mm^2^ a sensitivity of 82% and a specificity of 87.5%.^\[[@R22],[@R26]\]^ At a MN CSA \> 11 mm^2^, the sign of longitudinal MN compression is frequently identified, evaluated according to a semiquantitative scale, with a strong predictive value for CTS (sensitivity 89.1% and 98% specificity).^\[[@R22]\]^ Moreover, some authors report a 100% sensitivity and specificity threshold for the diagnosis of CTS in patients with CSA \> 8.5 mm^2^, mentioning the unlikely need for EDX to confirm the diagnosis of CTS, in patients with CSA \<8.5 mm^2^ EDX being even useless.^\[[@R23],[@R30]\]^ A recent meta-analysis, based on 28 studies published over a 20-year period, estimated the accuracy of USG diagnosis of CTS. The most important finding of this meta-analysis was that CSA determined at carpal tunnel inlet at the pisiform bone level is the best parameter for the USG diagnosis of CTS due to the MN swelling in this disease^\[[@R25],[@R27]\]^. Furthermore, the CSA value \>9 mm^2^has the highest diagnostic accuracy for CTS (sensitivity 87.3%, specificity 83.3%) (25,27). The determination of 3 parameters (MN CSA at pisiform level, MN FR at the hook of hamate level and palmar displacement of the flexor retinaculum) are influenced by the presence of CTS and have a relatively low predictive value for the diagnosis of this disease - sensitivity of 72% and specificity of 90%.^\[[@R12]\]^ Discrepancies in the sensitivity and specificity of tests used for CTS diagnosis revealed in many studies are caused by many factors: patient and control group selection criteria, used EDX methods, USG measurement ranges for morphometric indicators.^\[[@R23]\]^ CSA is the best criterion for CTS diagnosis compared to MN FR and retinacular curvature, which have unsatisfactory sensitivity and specificity. This might be explained by the increased carpal tunnel pressure and increased soft tissue volume, in most cases in the form of non-inflammatory synovial fibrosis. Additional studies, morphometric ones included, on the role of FR in CTS diagnosis are needed.^\[[@R22]\]^

The positive predictive value was 100% when MN CSA at carpal tunnel inlet was \>13 mm^2^ (predominantly in women and in bilateral involvement) and \>2 mm^2^ (predominantly in men and in unilateral involvement). The appearance longitudinal compression had a too low accuracy, but a higher 1 compared to CSA at the MN swelling. Thus, the usefulness of USG in complementing the physical examination with rapid, non-invasive imaging tests that can locate changes in the soft tissue and bone tissue (arthropathies) in patients complaining of numbness and tingling in the hands is argued.^\[[@R31],[@R32]\]^ Despite the multitude of carried out studies, there is no consensus on a clinical-imaging diagnostic algorithm for CTS.^\[[@R33]\]^

Our study confirms the usefulness of USG in diagnosing CTS. We propose the calculation of the ultrasonographic index of median nerve in carpal tunnel (SIMNCT), also demonstrating its sensitivity of 94.81% and specificity of 99.66% in the diagnosis of CTS. Also, severity grading based on SIMNCT (normal ≤16%) increases the accuracy of CTS diagnosis.

6. Conclusions
==============

In the diagnosis of CTS, USG can be used as a first-line tool, and can be included in a clinical-imaging protocol based on the use of the ultrasonographic index of median nerve in carpal tunnel (SIMNCT), calculated according to the formula: SIMNCT = 100% (1-G2/G1).
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